Background: Because of the high concentration of oil refining and petrochemical facilities, the industrial area of the lower Mississippi River of South Louisiana has been termed the Industrial Corridor and has frequently been referred to as the ''Cancer Corridor''. Aims: To quantitatively assess the ''Cancer Corridor'' controversy based on mortality data available in the public domain, and to identify potential contributing factors to the observed differences in mortality. Methods: Age adjusted mortality rates were calculated for white and non-white males and females in the Industrial Corridor, Louisiana, and the United States for the time periods 1970-79, 1980-89, and 1990-99. Results: All-cause mortality and all cancer combined for white males in the Industrial Corridor were significantly lower than the corresponding Louisiana population while Louisiana had significantly higher rates than the US population for all three time periods. Cancer of the lung was consistently higher in the Industrial Corridor region relative to national rates but lower than or similar to Louisiana. Non-respiratory disease and cerebrovascular disease mortality for white males in the Industrial Corridor were consistently lower than either Louisiana or the USA. However, mortality due to diabetes and heart disease, particularly during the 1990s, was significantly higher in the Industrial Corridor and Louisiana when compared to the USA. Similar mortality patterns were observed for white females. The mortality for non-white males and females in the Industrial Corridor was generally similar to the corresponding populations in Louisiana. There were no consistent patterns for all cancer mortality combined. Stomach cancer was increased among non-whites in both the Industrial Corridor and Louisiana when compared to the corresponding US data. Mortality from diabetes and heart disease among non-whites was significantly higher in the Industrial Corridor and Louisiana than in the USA. Conclusions: Mortality rates in the Industrial Corridor area were generally similar to or lower than the State of Louisiana, which were increased compared to the United States. Contrary to prior public perceptions, mortality due to cancer in the Industrial Corridor does not exceed that for the State of Louisiana.
O ver the past 20 years, Louisiana has been the focus of public and governmental concerns relating to human health effects possibly associated with occupational hazards and environmental pollution. Louisiana is the second largest producer of industrial and agricultural organic chemicals and third largest producer of plastics, synthetics, and industrial inorganic chemicals in the United States. 1 Chemicals that have been released by these industries include ammonia, methanol, phosphoric acid, nitrate compounds, formaldehyde, and polycyclic aromatic hydrocarbons. 2 Because of a high concentration of refinery and petrochemical facilities, the industrial area of South Louisiana near the lower Mississippi River, has been termed the Industrial Corridor, ''Chemical Corridor'', or ''Cancer Corridor''. 1 3 The petrochemical industry in this area has been cited as a major pollution source, prompting concerns about the potential adverse impact on health among employees and nearby residents. The Industrial Corridor includes seven parishes: Ascension, East Baton Rouge, Iberville, St Charles, St James, St John the Baptist, and West Baton Rouge. [3] [4] [5] Many studies of cancer incidence and mortality in Industrial Corridor residents and petrochemical employees have been conducted. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] These studies generally have not shown significantly increased mortality or incidence for most types of cancer, with the exception of lung and pancreas cancer in white males. 4 5 12 13 Recently, an increase in prostate cancer incidence was reported among Industrial Corridor white males, but not among black males. 5 14 15 Studies examining the relation between residential proximity to industry and lung cancer are not consistent in Louisiana. Based on death certificates only, one study concluded that persons residing close to industry experienced higher lung cancer mortality. 16 However, a subsequent study using survey data suggested that residential proximity to industrial sites in Louisiana was not associated with increased lung cancer. 17 There are no other published reports on mortality patterns for the Industrial Corridor population.
The objectives of the present study were to compare mortality rates for major causes of death in the Industrial Corridor, Louisiana, and the USA and to identify potential contributing social, economic, and behavioural factors to mortality.
METHODS
The age, sex, race (white and non-white), and cause specific numbers of deaths and corresponding populations for the Industrial Corridor, Louisiana, and USA were obtained from the University of Pittsburgh's Mortality and Population Data System (MPDS). 18 Causes of death were classified according to the International Classification of Diseases, ninth revision. The leading causes of death in the USA were chosen for study as well as certain cancer causes based on prior literature.
Age adjusted mortality for the four race-sex groups were calculated for the Industrial Corridor, Louisiana, and USA using the 2000 US Standard Million Population. Ninety five per cent confidence intervals were calculated, based on an approximate standard error proposed by Keyfitz. 20 To minimise random fluctuations, rates were expressed as average annual rates per 100 000 for the time periods 1970-79, 1980-89, and 1990-99. An age adjusted rate for a specific cause in the Industrial Corridor (or Louisiana) was significantly different from the US rate if the 95% confidence interval of the adjusted rate of the Industrial Corridor (or Louisiana) did not include the US point estimate. A two-sample statistical method was used to compare rates between the Industrial Corridor and Louisiana. 21 Childhood mortality for all causes, all cancers combined, and leukaemia was calculated for children younger than 15 years of age. Childhood mortality was adjusted to the 2000 US Standard Million Population for three age groups: 0-4, 5-9, and 10-14. Because of the small number of childhood deaths, cancer mortality was calculated by race-sex subgroups, but not calendar time.
Industrial Corridor ''non-white'' data are comparable to Louisiana, but not to the USA, because blacks contribute a substantially higher proportion to the ''non-white'' population in Louisiana than in the USA (for 1990, 96% in the Industrial Corridor and 94% in Louisiana versus 61% in the USA). 22 Therefore, US data for black males and females for 1975, 23 1985, 24 and 1995 25 were compared to non-whites in the Industrial Corridor and Louisiana for the three time periods. Due to a lack of comparable data for US black males and females for 1975 and 1985, kidney and bladder cancer cases (as defined for this study) were combined for the first two time periods. Hispanic ethnicity was not examined because it comprised only 2% of the Louisiana population in 1990 compared to 9% in the USA. 26 Life expectancy at birth for the Industrial Corridor and Louisiana was calculated using Chiang's method. 27 Average population and deaths for the three time periods were used in this analysis.
RESULTS

Mortality patterns
White males
All-cause and all-cancer mortality for Industrial Corridor white males (table 1) was significantly lower than the corresponding Louisiana population, while Louisiana had significantly higher all-cause and all-cancer mortality than US white males for all three time periods. Consistently, lung cancer was significantly higher in the Industrial Corridor relative to national rates, but lower than or similar to Louisiana. Similar patterns were observed for pancreas cancer. White males in the Industrial Corridor had consistently lower mortality from prostate cancer, non-malignant respiratory disease, and cerebrovascular disease than Louisiana and the USA. However, white males in the Industrial Corridor and Louisiana had significantly higher heart disease mortality than in the USA during the study periods. Mortality due to kidney, bladder, stomach, and central nervous system cancers and leukaemia in the Industrial Corridor generally was not significantly different from the USA. Although similar to Louisiana, liver and biliary tract cancer mortality was increased in the Industrial Corridor in the 1980s and 1990s, compared to the USA. Diabetes mortality in the Industrial Corridor was similar to the USA during the 1970s and 1980s but significantly higher in the 1990s.
White females
The pattern of all-cause mortality for white females (table 2) was similar to that seen in white males-that is, significantly lower in the Industrial Corridor compared to Louisiana and significantly higher in Louisiana than in the USA. Mortality for all neoplasms combined in the Industrial Corridor and Louisiana was significantly lower than in the USA during the 1970s, but was significantly higher in Louisiana than in the USA during the 1990s. Mortality for cancers of the kidney, bladder, liver and biliary tract, and stomach, and leukaemia was similar between the USA and Industrial Corridor. Lung and central nervous system cancer mortality in the Industrial Corridor were generally the same as Louisiana but higher than the USA in the 1990s. Pancreas cancer was consistently higher in the Industrial Corridor and Louisiana. Like their male counterparts, cerebrovascular disease mortality was N Mortality due to diabetes and heart disease were significantly higher in the Industrial Corridor and Louisiana compared to the USA, especially for nonwhite females.
N Non-malignant respiratory disease mortality was no different for non-white males and females in the Industrial Corridor compared to Louisiana, but was significantly lower for white males and females in the Industrial Corridor.
Policy implications
N Compared to the USA, Louisiana has greater unemployment and poverty, and lower educational attainment and per capita income. The higher overall mortality rate in Louisiana is consistent with the demonstrated gradient that mortality follows across socioeconomic status. In contrast, fewer persons in the Industrial Corridor are impoverished or are unemployed compared to Louisiana.
N Rates of obesity, smoking, sedentary lifestyle, and alcohol consumption, and lack of access to a primary care provider and health insurance in Louisiana exceed national averages. These health risk factors could have contributed to the higher levels of heart disease, lung cancer, pancreatic cancer, and diabetes in this state.
N Social factors peripheral to health care access or utilisation may have a major impact on the mortality of populations in Louisiana. Table 1 Age adjusted mortality rates per 100 000 (95% CI) by cause and geographic area for white malesÀ significantly lower in the Industrial Corridor than Louisiana or the USA, as was mortality from non-malignant respiratory disease. Compared to the USA, heart disease and diabetes mortality were significantly increased in both the Industrial Corridor and Louisiana.
Non-white males
Mortality for non-white males in the Industrial Corridor was generally similar to the corresponding population in Louisiana (table 3) . In general, there were no statistical differences for all causes of death, all cancers or any specific cancer, or non-malignant respiratory disease between the Industrial Corridor and Louisiana. However, overall mortality for the Industrial Corridor and Louisiana was higher than the comparable US population. Diabetes and heart disease mortality were significantly higher in both the Industrial Corridor and Louisiana compared to the USA during the entire study period. Mortality for cancers of the bladder, kidney, and central nervous system, and leukaemia in the Industrial Corridor was about the same as Louisiana and the USA. Compared to the USA, liver and biliary tract cancer mortality in the Industrial Corridor was slightly higher in the 1980s and 1990s after being lower in the 1970s. Mortality from all cancers combined, pancreas cancer, and lung cancer in the 1990s was higher in both the Industrial Corridor and Louisiana than in the USA although rates in the Industrial Corridor were lower than those of Louisiana. Stomach cancer mortality was consistently higher in the Industrial Corridor and Louisiana, but prostate cancer was significantly lower when compared to the USA.
Non-white females
All-cause mortality among Industrial Corridor non-white females was similar to Louisiana, but significantly higher than the USA (table 4) . There were no statistical differences in mortality for all cancers combined between the three populations for the three time periods. Like their male counterparts, stomach cancer was higher in all three time periods in the Industrial Corridor and Louisiana. In the 1970s, pancreas cancer was significantly lower in the Industrial Corridor and Louisiana compared to the USA, but significantly higher in the 1990s. Cancer of the central nervous system was marginally increased compared to both Louisiana and the USA during the 1990s. There were no statistically significant differences for any other specific cancer sites, although mortality from cancers of the kidney and bladder in the Industrial Corridor was consistently lower than the USA for the entire study period. Cerebrovascular disease mortality during the 1990s was significantly lower in the Industrial Corridor compared to Louisiana or the USA. However, heart disease mortality was significantly higher among Industrial Corridor residents compared to those in Louisiana or the USA for all three time periods. Diabetes mortality was significantly higher in the Corridor than in the USA, and surpassed stroke to become the third leading cause of death in this population in the 1990s. Table 5 shows age adjusted mortality for children under the age of 15 in the Industrial Corridor, Louisiana, and the USA. For both white males and females, total mortality from all causes was significantly lower in the Industrial Corridor than Louisiana or the USA. Among non-white children, the overall mortality for males in the Industrial Corridor was significantly lower than Louisiana or the USA, but was similar for females. There were no statistically significant differences for cancer or leukaemia deaths among whites or non-whites between the Industrial Corridor and Louisiana or the USA.
Childhood mortality
Life expectancy
Life expectancy at birth for the Industrial Corridor, Louisiana, and the USA are presented in table 6 . Life expectancy at birth among whites in the Industrial Corridor was similar to that of the USA but better than Louisiana. Life expectancies for white males in the 1990s, compared to the 1970s, increased 4.4 years for the Industrial Corridor, 4.2 years for Louisiana, and 4.3 years for the USA. Similar patterns were noted for white females. Life expectancy at birth for non-whites in the three geographic areas was similar for all three time periods. When compared to 1970-79, life expectancy at birth for the Industrial Corridor, Louisiana, and the USA during 1990-99 increased 2.7, 3.0, and 2.8 years, respectively, for non-white males and 3.2, 3.5, and 2.6 years for non-white females.
DISCUSSION
Age adjusted mortality in the Industrial Corridor for all three time periods and race-sex groups generally followed the same racial and gender patterns as in Louisiana and the USA. Nonwhite males consistently exhibited the highest mortality, followed by white males, non-white females, and white females. In addition, all-cause mortality declined over the 30 year study period and cancer mortality steadily increased in all three populations. Diabetes mortality decreased slightly from the 1970s to the 1980s but sharply increased in the 1990s, especially in non-whites. Mortality for heart disease and cerebrovascular disease consistently decreased during the study period. Lung cancer and non-malignant respiratory disease mortality generally increased except among white males, who experienced a decrease during the 1990s.
This study showed that mortality for the Industrial Corridor is generally similar to or lower than that of Louisiana, which is increased compared to the USA. Compared to Louisiana, there was no excess mortality risk among Industrial Corridor residents for all causes or all cancers combined regardless of gender or race. During the 30 year study period, life expectancies at birth among Industrial Corridor residents were approximately the same as the corresponding US population. However, compared to Louisiana, whites in the Industrial Corridor enjoyed a longer life expectancy (0.7 to 1.7 years), which was less evident in non-whites (20.2 to 0.5 years).
Other studies have found few significant associations between residential proximity to industry and either disease incidence or mortality. [28] [29] [30] [31] One study in the San Francisco Bay area concluded that residence near petrochemical industry had no effect on cancer incidence. 28 Other studies in Wales found increases in multiple myeloma, Hodgkin's disease, and non-Hodgkin's lymphoma incidence, but could not rule out chance due to multiple statistical tests. 30 31 Increased lung cancer mortality among white males in Louisiana has been observed for several decades, 32 and is consistent with results for lung cancer incidence. 4 5 Currently, the highest lung cancer rates in the nation are observed across the southeast with Louisiana ranked fifth nationally. 21 Since lung cancer in the Industrial Corridor was consistently lower than or similar to the state average, it is likely that the Industrial Corridor did not contribute to the excess mortality of lung cancer in Louisiana, assuming that smoking rates were similar. Available data show that smoking prevalence in Louisiana in the 1990s was higher than the national average (table 7) , and one study estimated that male residents in South Louisiana prior to 1990 tended to smoke more than the rest of the nation. 17 A diet low in fruits and vegetables has also been found to increase the risk of lung cancer 50-100%, 36 37 and it is noteworthy that a survey conducted in 1968-70 reported low vitamin C intake among Louisiana residents. 38 
Table 3
Age adjusted mortality rates per 100 000 (95% CI) by cause and geographic area for non-white malesÀ ÀA cause specific rate in the Industrial Corridor or Louisiana was significantly different from the US rate if its 95% confidence interval did not include the US point estimate. *Significantly (p,0.05) different from Louisiana.
Table 4
Age adjusted mortality rates per 100 000 (95% CI) by cause and geographic area for non-white femalesÀ Studies of workers in the shipping, sugarcane, and asbestos related industries in Louisiana have shown increases in lung cancer, while refinery and petrochemical workers had no excess for all cancer combined or lung cancer. 11 However, a recent review of mortality and cancer incidence among chemical workers in the USA and Western Europe reported a weak to moderate excess of lung cancer likely caused by occupational exposure to known lung cancer carcinogens. 39 Since the Industrial Corridor parishes are located in the nation's highest density of petrochemical facilities, the US government has funded several in-depth studies which will evaluate the impact of industrial chemical exposure on lung cancer aetiology, focusing on gene-environment interactions. 40 Increased pancreatic cancer mortality in the Industrial Corridor was observed in non-whites, particularly in females, and has been previously reported in Louisiana. 4 5 The only well established risk factors for pancreatic cancer are cigarette smoking 41 and occupational exposure to chlorinated hydrocarbons. 42 Several population based case-control studies in Louisiana found that a history of smoking was associated with a twofold increase in pancreas cancer. 41 43 Differences in smoking prevalence might be partly responsible for the observed regional difference in pancreatic cancer. Some studies have shown a significant increase in pancreas cancer risk in those of Cajun ethnicity and among those consuming diets poor in fresh fruits, 41 44 although this result is not consistent. 45 It is also noteworthy that diabetes mellitus, which has been positively associated with pancreatic cancer, 45 was higher in Louisiana. However, it is unknown if these diseases are consequences of a common exposure or are causally related.
Liver and biliary tract cancer mortality was lower in the Industrial Corridor and Louisiana than the USA in the 1970s but higher in the 1980s and 1990s. Rates have risen more quickly for males than for females. Increased liver and biliary tract cancer mortality in Louisiana has not previously been reported. Liver cancer incidence data is available for Louisiana and the Industrial Corridor during 1983-87, and for Louisiana as a whole during 1993-97. In the 1980s, liver cancer incidence in Louisiana and the Industrial Corridor was virtually the same or lower than national rates for all sex-race groups. 3 In the 1990s, liver cancer incidence in Louisiana was similar to the USA based on data from the North American Association of Central Cancer Registries, although the rate for white males was slightly higher than the USA while the corresponding rate for black males was slightly lower. 5 Based Table 5 Age adjusted childhood (ages 0-14) mortality rates per 100 000 and 95% CI by race, sex, and geographic area, 1970-99 ÀAverage number of drinks on days when alcohol was consumed. Any exercise in the past month.
on this ecological study, it is difficult to determine the aetiology of the higher mortality for these cancers in Louisiana and the Industrial Corridor. Although much attention has been given to potential health effects from industrial pollution, the influence of other environmental and socioeconomic factors on the health of populations is well documented. Neighbourhood safety, economic conditions, resident education level, occupational safety, access to health care, and other social and behavioural factors have been recognised as important determinants of health in a community. 46 47 The three most prominent contributors to US mortality are behaviour related: tobacco, diet and activity patterns, and alcohol. 19 Compared to the USA, Louisiana has greater unemployment and poverty, and lower educational attainment and per capita income (table 7) . The higher overall mortality and lower life expectancy in Louisiana are consistent with the demonstrated gradient of mortality across socioeconomic status. 47 Furthermore, rates of obesity, smoking, sedentary lifestyle, alcohol consumption, and lack of access to health care in Louisiana exceed national rates. These factors could have contributed to the higher levels of heart disease, lung cancer, pancreatic cancer, and diabetes in this state, 48 49 although data needed to investigate this were not available.
Since 1980, per capita income and educational attainment have been consistently higher in the Industrial Corridor than the state of Louisiana (table 8) . Fewer persons in the Industrial Corridor are impoverished, unemployed, or live in rural areas. This generally higher socioeconomic status is reflected in the significantly lower overall mortality for whites. However, mortality rates for non-whites living in the Industrial Corridor were no different than those for Louisiana.
One of the more striking findings of this study was the significantly increased diabetes mortality in Louisiana during the 1990s, especially among Industrial Corridor non-white females. Diabetes prevalence increased by a third in the USA during the 1990s. In Louisiana, the rate was slightly higher, 35%. 51 Heart disease mortality was also significantly higher in Louisiana, particularly for Industrial Corridor residents. Smoking prevalence estimates are similar in the Industrial Corridor and Louisiana overall (table 8), yet lung cancer mortality rates were generally lower in the Industrial Corridor than the corresponding state population. Despite the presence of air emissions from area industries, nonmalignant respiratory disease mortality was also lower for Industrial Corridor residents.
Several limitations of this study should be recognised. The inability to obtain sex and race specific prevalence data for certain potential confounding factors (for example, smoking, income, dietary habits) limits the ability to draw conclusions about the contribution of such behavioural risk factors to disease outcomes. Second, this study is ecological in design, thereby limiting the ability to draw causal relations due to the potential for the ''ecologic fallacy''. 52 Third, for the leading causes of death and for common cancers such as lung, prostate, colon, and breast, mortality is stable because it is based on a large number of deaths. However, for rare cancers such as brain, liver and biliary tract, and kidney, the rates are less stable. 
